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ACCIDENT EXPERIENCE 
IRON-ORE WINES - LAKE SUPERIOR DISTRICTL/ 
LGHO=H3 | ai 
By Frank E. Casne/ and Reuben D. ‘varsenl/ 
INTRODUCTION . 


The iren-ore ranges in the Lake Superior district are the liarquette in 
Lichigan, Menominee and Gogebic in Michigan end Wisconsin, and the Vermilion, 
igen and. Cuyuna in Minnesota. | _Thesd ranges produce about 85 percent of 

the iroh ore mined in the United States. _Accident experience in connection 
vith this production is better than that of the regions producing the re-" 
raining 15 percent... Production and shipments vary slightly from year to 
| year but closely eporoxi mate each other over a period of years. 


‘During the year period 1940, to 1943, inclusive, 323, 667; 599. lone tons. 
or fron ore was shipped from the Lake Superior district.4/ Michigan and 
‘isconsin: shipped 65,356,608 tons,. or 20.2 percent of the total, and employed 
dyproximately 15,000 men; Minnesota shipped 258,280,991 tons,.or 79.8 percent 
of the.total, and employed approximately 10,000 men. The tons produced yer 
nan employed is much greater in Minnesota than in Michigan and Wisconsin. 
owing to the » large eee aren production in Minnesota. 


ACKNOVLEDGHENTS | 


‘This sonseisdated ecert was cuae eoeuieie: Paewala the cooperation of 
the operating companies in furnishing their annual accident data for use at 
the Lake Superior Mining Section, National. Safety Council annual meeting, 
and to them the authors express their appreciation. These data were first 
arene ané presented in ‘tgl to cover the 1940" experience. ~ 


_HINING METHODS 
In Micdoecta, most of the ore is Srodiced ron Spanesatess . In Michigan: 
and ¥isconsin, the mining methods used, in the order: of their. relative pro- 
duction, aré top: slicing, sublevel caving, and open i at only. a + emall ie 
tonnage of ore is mined | from. open-cute.* af 


The Bureau of Mines will wolcome Seen of this ‘paper, orice the | 
following footnote acknowledgment is used: "Reprinted from Bureau of 
Mines Information Circular 7321." 
a Supervising engineer, Bureau of Mines, Duluth, Minn. 

- Safety supervisor, Tho M.A. Hanna’ Cos, Tron River, Miche . 
4/ tonnage figures from Lake Superior Iron Ore. Association.. =m. 
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The average number of operating mines in the reg’on during the ‘+year 
period was 129, of which St rere open-cut and 56 underground operations. 
Twenty-five of the underground mines employ the top-slicing method of mining, 
16 sublevel caving, and 15 oven stoping. 
ACCIDEIT EXPERTENCE | | 


These accident data: were largely taken from those furnished by the oper- 
ating companies and assembled at published by the Lalce Superior Mining Sectic 
of the National Safety Council. However, they are supplemented, for purpose 
of comparison, by figures published: by the Bureau of Mines in the report of tt 
National Safety Competition and Annual Survey of Metal Mines Accidents. ©/ Taj 
discussion of the data is based entirely on observations and opinions of the 
authors. 


The period from 1010 to 1943 was a one during which increased production 
was necessary, and the manvover shortage, although not acute, was definitely 
liability as regards improving accident experience. 


Table 1 gives (by years and totals for all mines) the shipments, man-—hot 
worked, days lost as the result of accidents, fatal and total permanent dis3- 
bility accidents, partial permanent disability accidents, and temporary acci- 
dents, with frequency and peveraty rates, for the +year pericd. 


The frequency rate is the amber of lost—time accidents per million mar- 
hours worked, and the sevcerit:7 rate is the mumber of G25 lost because of 2cc! 
dents per thousand man-hours worced. «a lost-time accidént is considercd to! 
one that causes loss of time beyond the day or shift on which the accident 
occurred.- In calculating. severity, temporary disabdilitics are weighted acc. 
ing to actual calendar deys of disability, including holidays and Sundays: 
whereas, deaths and permanent injuries are weighted according to the Unitcd 
States Bureau of Mines "Scale - of Time Losses for Yoighting Deaths and Perm: 
Injuries", adopted from the American Standards Association. 


TABLE 1. ~ Accident Data, all mines, 1 hoy 


Fre- 
quency |Severit: 


" 
| Partial | Tompo= 
Fatal |p 


iDays lost: 
account 
ap pee eeee 


Gross tons; Man—hours 


Year! shippcd 


1940) 63,948,846) 31,217, oth 
1941: 80,747,8591 41,239, 4685 
19421 93,908,726 45, 912, 73 5-76 
1943, 85,962,168 86 2 

1323 , 667 ,599 70" 232,507 oe Te Sei 


*Includes 1 total permanent. 


5/ Percy Ay Carmichael (1941 and 1542 proccedings) and Rouben D. Larsen 


(1943 and 1944 proceedings), Inke Superior Mining Section, National 
Safety Council. 
6/ Vv. W. Adams and others. 
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Along with the increase in man-hours worxed, the frequency rate increased 
och year, and the severity rate increased for the first three years but showed 
slight improvement for 1943. During the 4-year period, there were 108 fatali- 
ies, 2 total permanent total-disability accidents, 57 particl-permenent, and 
,054 temporary disabling accidents; these are tabulated and discussed as to 
suses, types of operations, and methods of mining. Of the 110 fatal and total 
isability eccidents, falls and slides of ground were responsible for 49, or 
1.5 percent; haulege accidents (belt, truck, and locomotive) were next, with 
, or 7.35 percent cf the fatal accidents. Other causes, in order of number of 
esulting accidents, were: Explosives, 6; machinery (moving), 5; loading equip- 
ent (shovels, screpers, etc.) 5; persons falling (shafts, raises, chutes, and 
enks), 5; railroad cars and locomotives (surface), 5; persons falling (slipping 
nd stumbling), 4; falling material (shafts, chutes, and raises), 4; electrical 
hocks and burns, 4; suffocation (natural gases), 3; cages and skips (shafts 
nd raises), 3; handling material, 2; runs of ore and rock (chutes and bins), 
; falling materiel other than ground, 1; drilling equipment, 1; not classified, 


There was one fatal accident for each. 2,942,433 tons shipped, one partial 
srmanent disability for each 5,678,379 tons, and one temporary disability for 
ach 121,955 tons shipped. For each fatality, there were 0.5 partial-permenent 
nd 24,1 temporary-disability injuries. : 


As a means of comparison, table 2 lists the frequency rates for the itron- 
re mines in the United States, the frequency and severity rates for the metal 
ines entered in’ the National Safety Competition, and the iron-ore mines in 
he Lake Superior district for the years 1940 to 1943, inclusive. The table 
hows thet the Lake Superior district has had better frequency and severity 
ates each year (except the severity rate in 19h2) than eithor of the other two 
rOupS. 


TABLE 2. - Comparison of frequency and severity of 
| - | accidents in iron-ore mines, 1 Lond 


Iron-ore mines,|' Metal-mines entered in Iron-ore mines, 


Unitcd States | National Safety Competition| Leake Superior District 

Year Frequenc _ Séverity | Frequency Severity 
940 eoroeees 1S. 03: . aE e 7 ; «09 12.27 e tU 
o/h eran 2308 * |. 20,14 =~ 6.85 | | 13.42 4.85 
Oe tied 2h.40 - |. 20.62 5,55: 17,23 5.76 

WS vereee| 24.79 | 2h2t 6.27 | 21,09 | 5.27 


Tebdle 4 g.-cs the accident data (including totals cand combined figures) 
or the 4-year period, by yoars, in the Lake Superior District, divided as to 
ype of cperation. 


Although all accidents are potentially serious, and their occurrence mst 
e decreased to improve accident experience, once an accident happons, the lost 
ime, suffering, reduction in production, and expense are largely reflected in 
everity rather than in frcquency, 
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For comparison in this paper since the accidents have occurred, severity 
is used for the weighting figure. 


Under "type operations," "miscellaneous develonment" is all underground 
vork and includes prospecting, extensive rock drifting, and shaft sinking 
and raising. “General shops" are those doing the general repair work for a 
group of minese In most instances, the shop experience is included with the 
individual mine. "Open cuts and concentrator plants" cover the open-cut 
nines and their concentrating plants, whether the plants are locally or cen= 
trally located and operated. "Top slicing," "stoping," and "sublevel caving"! 
ere the various methods of mining used underground. 


4s shown, the most hazardous operation is sublevel caving, in which 
oth frequency and severity rates are higher than in other operations. Al- 
though limited in extent, "miscellaneous (underground) development" is shown 
as having the best accident experience. The frequency and severity rates 
for all operations in the region for the 4 years are favorable when commared 
‘ith other iron-ore and metal-mine operations in this country. 


In table 4, the accidents are listed under the various type of opera- 
vions, and the average length of disability per accident is shown for each 
woe Of operation. 


All fatalities and the partial permanent disabilities are weighted, 
the former at 6,000 days, and the latter varies with the extent of the 
disability. 


There are two noticeable figures. One is found under "open-cut and 
concentrator plants," where operations are virtually all mechanical and the 
average weighted days lost under partial permanent disabilities is two to 
three times as great as in other types of operations. The other is that 
the average duration of tcmporary disabilities is greatest in top slicing, 
vaich is one of the least hazardous of underground mining methods, and least 
in sublevel caving, where the hazards, as shown by the 4-year figures, are 
the greatest. 


_ Table 5 lists fatal, partial-permanent, and temporary disabling acci- 
cents by years and causes for all mines. 


These accident data were obtained from the 26 operating companies over 
a period of 4 years. There are differences in company methods of compiling 
“cident data; and although certain local procedures answer the purposes of 
the individual company, it is often difficult to classify an accident as to 
Causes A number of the accidents listed as unclassified would probably fall 
in one of the other classifications, had the descriptions been more definite 
‘nd complete. 


Table 5 gives a complete, dotailed picture of accidents and their 
causes under the various type operations for the year poriod.. 
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TABLE 5. - Accidents, by years, divided as to causes and types of operation, 1940-43 
an iad ape a ee 

development |General shops] concentrators slicing Stoping 
P4041 42 43-[40 41 40 43 [40 41 42 43, 40 41 42 43/40 41 40 43) 
Falis and slides of ground (rock and ore) .......... - -|- - - - 1 en | ae Soy i BAe 34 Sle ig ee 
ne we [2 OS a Slap So ee eelasaeeenre an 
Haulage (belt, truck, and locomotive) ..... Sale sterneras a! SE? 0” Bee ee oe sd «cacy Off) 
er WeeSol ve: toy ae St oe ee 
EXPIOSLYVOR: Sra <15 Side pia alemn.s ale Parsee erat diataieraeieitwene’s oe - - 1 - - 1 = =< = 
CR TW ee fin oil So ea Samar 
Machinery (moving) ........ snretaie alg dre laseiatecava tots shieacests os Gali se alee Pe 1 
Sy fe: oth ee os 0c Miltea "She epee 
= - 2 14 = - - 13] - = - 15 
Loading equipment (shovels, scrapers, etc.) ......6. <a! 1 1 SS od - - 
hy = baccdea Wi scree ete 
Persons falling (shafts, raises, chutes, and banks). 1 - 1 - 1 - 
6 Nes Pel Me ects 
Railroad cars and locomotives (surface) ...... 5 caelaMe 2 ee i % 
2 tt  & ie atl tL tak <4 eee 
Persons falling (stumbling and Slipping) sageasie«shs Sp OOS Te Bol ie eee 
3 12 G7 341 - =-8 7 

Falling material (shafts, chutes, and raises) ...... aro 7 "tq 
Et at, a CmeTilbae: aah eee 
Electricity (shock and burns) .......sseseceseees née ee RieMCar teks Weg oeell 
> AVek. eh 2) oo aes gee oo 
Suffocation (natural gases) ........... scatwieata rend ret: . APS * ast | eee oe 
cA tence sills eek oes Bit 
Cages and skips (shafts and raises) .........-ssse- : 2) Ce Se Se aw Set ot 
See, ot aa as weak - ate 
Handling material. .......csssecescccees saretianials sacondte gd | Gar ee, 
2 - 24 23/1 1 10 24 
Runs of ore and rock (chutes and bins) ........see.- Sib 2 SP Sha aa 9 Sh 
5 -tae Gell te earn, See 
Falling material (other than ground) ..........e+e-- - - 1 -}- - - = 
See So Bel aaee a 

Del Lng edit pment, wach naesteanes tatsas Gaba wee anemia Sy ass Wa) 5a|\te Jet bes 
ee ees ee ee 
- ~ - - ~ ~ 1 - 
Flying objects .......... acala area se ecera ae HEE eacorshe a Mt  ( 
- 1 Ze eke ml! = == 
1 Ser U2 ee Se AS 
ASIA COOLS: 14) luvele sto g peer ac aT ate tee aA ERR ~) ah gas Mas ona 
wae ota lite) See ee 


| me rain -eetep Kas ‘~ 
Not Classified eer eeeereeresreoses eoeeree eeereve SAO Oe Th es me = i. = = = 2 ~~ ra 

pp} - - - - | - ~ es (eS = 

mt Of ie 6 2 5 93 143] 87 
Total nah a DCIS e@rereaeceoe ewer er eee ees eraser esr eoresrersersere F 10) 10) 0 0 0 

Ath 6) (0) {0} als) 

gh Oo ee is eG 


Grand total .. 


~ Includes.1 total perman 
F ~ Fatal, Perawr sas 
ir ~ Partial permanent. 

~ Temporary disability. 
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414 16 4 80 3 

OFF Oe ee a= EGE Loe alee eS 8 20:05 (4 
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25 21 25 |57 110 164 285/119 130 228 303/29 42 133 145/148 207 198 276 
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Aside from the "not-classified" accidents, there are 19 listed causes 
of the accidents. Falls and slides of ground caused the greatest number 
cf fatal and temporary-disabling accidents. Haulage came next as a cause or 
fatel accidents; but accidents due to persons slipping, stumoling, and falling 
ranked sccond in the total number of accidents. Railroad cars and locomotivcs 
caused only 22 accidents, but these were very severe and resulted in 5 fatali- 
ties (Including one permanent totel disability) and 6 yartial-permanent disa- 
bilities, Electricity caused 135 accidents, four of which were fatal and one 
o> which was a partial permanent disability. Flying objects caused 75 acci- 
dents, with no fatalities, but resulted in loss of sight of 11 eyes. Mines 
ires, Which are too frequent, caused only 5 tompcrary disebling injuries. 


SUMMARY 


On an average, 120 iron mines are operated by 26 companics in the Lake 
swerior district, which annually produces about &5 percent of the iron ore 
uined in the United States. Individual open-cut mines produce 20,000 to 
20,000,000, tons annually, and the underground mines from 100,000 to 1,000,000 
toms & Yoar. , 


The accidents in the district, although relatively fewer and less severe 
than in other metal—mining districts, have increased in frequency during each 
of the four years 1940-!3, inclusive, with a similar increase in severity for 
the first three years but a slight decrease in 1943. This condition has been 
*xperienced in practically all of these operations. 


"Miscellaneous development," usually considered hazardous work, although 
covering the relatively small number of 358,574 man-hours, occasioncd only 
} lost-timo accidents, which resulted in 214 deys of disability. The acci- 
ient rates for the 4 years were frequency, &,56, end soverity, 0.63. 


"General shope" covers a total of over 15 million man-hours with &2 
‘ccidents, divided as follows: 2 fatal (1 total permanent disability), 3 
sartial permanent, and 77 temporary disabilities. The frequency rate in- 
reased From 1.63 in 1940 to 7.76 in 1943, with « total 4-ycar rete of 5.41; 
the severity rate increased from 0.03 in 1940 to 2.26 in 1942 and dropped to 
2,03 in 1943 for a total 4-year rate of 1.17. 


Under “opon cuts and concentrator plants," the hours worked incroascd 
ch year, with a corresponding increase in the frequency rate cach ycar, 
in incrense in the severity rate for the first three ycars, and a slight 
iecrease in 1943. During the 4-ycar period there were 34 fatal, 23 partial- 
sermanont, and 616 temporary disabilities. The frequency rete incrcascd from 
3.88 in 1940 to 14.82 in 1943, for 4 total average rate of 11.14 for 4 yoars. 
[he severity rate increased from 2365 in 1940 to 6.03 in 1942 and dropped to 
+59 in 1943 Por a 4-year averogo rate of 4.58. 


Undcr "top sliging," tho hours worked increased each year. During the 
-year poriod there’ were 22 fatals, 13 partial-permanent, end 780 temporary 
lisabilities. The frequency rete decressed from 16.90 in 1940 to 15.53 in 
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1941 and incrensed to 27.46 in 1943 for an average 4-year rate of 21.08, 
This 4-year average rate is higher than the rate under “stoping” and lower! 
than that for “sublevel caving." The severity rate under "top slicing" 
increased from 4,76 in 1940 to 5.94 in 1942 and decreased to 4.23% in 1943, 
for a 4-year average rate of 5.16. This k-year average severity rate ig th 
lowest of the underground operations. 


Under “stoping,” over 19-million man-hours were worked during the 4 
years, during which 17 fatal, 7 partial-permanent, and 349 temporary inj 
eccurred, The frequency mace increased from 11.59 in 1940 to 24.91 in 15-? 
the 4-year average rate was 19.25. The severity rate decreased from 5, 5 i 
ie . 1.08 in 1941 and increased to 11.44 in 1943 for a h-year averaze x 
of 6.48, 


. Under “sublevel aging ,»" a totel of 36,306,153 man-hours was worked, 
during which 35 fatal, 11 partial-permanent, and S29 temporery disabilities 
occurred, The eeaenes rate increased from 18,61 in 1940 to 29.7% in 12: 
the h-vecr average rate was 24.10. The severity rate increased from €,93 : 
1940 to 9.40 in 1941 and decreased to 5.20 in 1944; the h-year average ret: 
was 7.09, As shown by the figures, sublevel.caving had the mehest: nVveress 
frequency and severity rates for the h-yeer period, 


Over ‘176 million man-hours were ‘worked in all the operetions. Tne 
over all frequency rate increased from.12.23 in 1940 -to 21.09 in-i943, & 
the severity rate increesed from 4.27 in 1940 to 5.76 in 19he and decrezs: 
to 5.27 in 1943. The 4-year aver2ge frequency rate wes 16.57, and the sev: 
rate wes 5.15. 


Most cf the rines are highly mechanized and during the past 4 ycer 
produced incroas{ng tonnages of ircn ore with < minimum of repair and re- 
placement to mechenical equipment. Permenent installe tions of mechenicel 
and electrical equipment usually ore vell-guc corded. 


In most of the underground mines, electric ccp lams are furnished 
and employces are required to wear hard hats and safety-toé shoes: for cer 
tain classcs of work, sofety goggles nre furnished, cond wearing is mandetc 


With tho exception of .the very small producers, the companies heve 
sofety supervisors and safety inspectors. The small companics usually re~ 
on the superintendent to combine safety work with his operating activit-e: 


Most of the companies operating underground mines maintain rescue 
equipmont end train porsonnel in its UBC. 


Provicus to 1940, most of the companies provided first-aid training ie 
their employecs, end a number of them had 100 percent employee first-sid 
‘training. Since 1940, very little first-aid training has becn done in th 
district. 
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Most companies heve some form of printed or mimeographed onerative and 
safety rules. Most open-cut mines require the wearing of protective shoes 
cr boots in summer, but in severely cold weather some allow their employees 
to discontinue their use. Protective hats are worn in a few open-cut mines. 


A number of companies provide goggles, and some issue the corrective- 
vision type. A few companies require their use throughout the shift for 
all employees, but many leava it up to the individual to wear them when 
necessary or leave it to the supervisory force to require their use for 
selected types of work. 


All underground hauling is done with electric locomotives, a few of 
which are storage-battery types. Haulage in open-cut mines is by belt, 
electric and steam locomotives, and most often, trucks, About half of the 
underground mines have stench-warning systems for emergency use. 


Loading in open-cut mines is done largely by electrically operated 
shovels, with an occasional steam- or gasoline-operated shovel vperating in 
some Mincs. In the underground mines, virtually all ore is dragged by 
electrically operated scrapers into chutes or cars. 


Open-cut drilling is done largely by gasoline or electrically operated 
vell- or wagon-type drills, with a few gasoline-operated augur-type drills 
“or soft material, In the underground mines, compressed air-operated per- 
cussion-type drills are generally used, and virtually ell drilling is done 


vet. 


In open-cut mines, blasting is done with dynamite and some "nitramon," 
‘aich is detonated with electric blasting ceps or electric blasting caps 
ind detonating fuse. The explosive in use underground is dynamite with fuse 
‘nd detonators, except in extremely wet places, shaft sinking, and heavy 
lasting; a limited amount of blasting is done electrically. 


Most of the underground mines have two or more openings and are 
‘entilated mechanically. A few mines have excellent ventilation systems 
ith provision for heating the air in cold weather; others are not so well 
‘entilated,. 


In gencreal, a determined effort is being made by the mining companies 
nthe Lake Superior district to minimize accidents incurred in mining iron 
re. Comparcd to other metal mines in this country, this district's accident 
Xperience is favorable, but, cven so, it can and should be improved. Such 
mprovement can be realized by a closer coordination of effort by employeocs 
nd managcoment. 
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